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COATING METHODS AND MATERIALS TO
REDUCE AGING OF SIC HOT SURFACE
IGNITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
US.C. § 119(e) to U.S. Provisional Patent Application

62/874,338 filed Jul. 15, 2019. The entirety of this applica-
tion 1s 1ncorporated herein by reference.

FIELD OF THE INVENTION

The present mvention relates to a method to apply a
silicon dioxide coating to the surface of a silicon carbide
ignitor, and to a silicon carbide 1gnitor coated with silicon
dioxide.

BACKGROUND

Silicon carbide (S1C) i1gnitors are known to fail due to
aging. During use, the S1C 1gnitor 1s exposed to an oxidizing
atmosphere (1.e., air and/or water vapor) at elevated tem-
peratures (above about 1000° C.). The oxidizing atmosphere
penetrates the pores of the S1C material and reacts at the
surface of the pores to form a silica (1.e., silicon dioxide or
S10,) layer that builds up over time, increasing the resis-
tance of the 1gnitor. When the 1ignitor 1s used 1n conjunction
with an 1nline gas valve, this increased resistance causes a
decrease 1n electrical current (at a constant voltage). Even-
tually, the resistance increase causes the current to drop
below the minimum current requirement to operate the
valve, at which point the burner will fail to 1gnite resulting
in the need to replace the S1C 1gnaitor.

Several attempts to make S1C 1gnitors more resistant to
oxidation through the application of protective coatings are
known 1n the art. For example, U.S. Pat. No. 3,492,153,
which 1s incorporated by reference in 1ts entirety, describes
S1C heating elements that are coated with aluminum mtride
that 1s formed by reacting aluminum vapor with nitrogen gas

within the pores of the SiC. U.S. Pat. No. 4,187,344, which

1s 1corporated by reference in its entirety, discloses Si1C
heating elements coated with silicon nitride and/or silicon
oxynitride particles. The porous elements are coated with
s1licon nitride and/or silicon oxynitride particles in a liquad
slurry, dried, and then fired to fix the silicon mitride or silicon
oxynitride particles 1n place. U.S. Pat. No. 6,297,183, which
1s 1corporated by reference in its entirety, discloses Si1C
heating elements that are coated with an additional or second
layer of crystalized S1C. The pores of the conventional S1C
body are infiltrated with fine particles of SiC and the element
1s refired to crystalize the additional SiC layer within the
pores, ellectively reducing the surface area of the SiC
material. While these coatings may provide some protection
against oxidation of the S1C material, they still do not
display an acceptable life 1n gas oven environments.

One solution, disclosed in U.S. Pat. No. 4,429,003, which
1s incorporated by reference 1n its entirety, 1s a method to
produce a protective silicon dioxide layer over a SiC mate-
rial. The method comprises coating the porous S1C 1gnitor
with a slurry of fine S1C particles that penetrate and deposit
within the pores of the S1C body. The coated 1gnitor body 1s
then subjected to an oxidizing atmosphere to convert at least
some of the S1C particles to silicon dioxide. However, it was
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2

found that the resulting silicon dioxide layer tended to
devitrity and undergo a phase change in use, and so was
prone to flaking.

Based on the foregoing, there 1s a need 1n the art for S1C
ignitors that are more resistant to aging.

SUMMARY

This invention provides a thin layer or layers (between
about 0.1 um and about 5 um thickness) of silica or silicon

dioxide (S10,) to coat the S1C 1gnitor. The S10, layer(s)

impedes the diffusion of oxygen to the underlying SiC, thus
slowing the oxidation rate of the S1C, allowing the 1gnitor to
function properly for a longer period of time. The thicker the
S10, layer, the longer 1t takes for the oxygen to diffuse to the
underlying S1C. This applied layer of S10, has the effect of
immediately slowing the initial rate of oxidation compared
to an uncoated S1C surface. An untreated S1C material will
oxidize at a faster rate until the resulting S10,, layer becomes
as thick as the treated surtace. During this 1nitial oxidation
period the resistance of the untreated 1gnitor will decrease at
a laster rate compared to a coated ignitor.

A benefit of the of the present mvention 1s that the S10,
layer 1s added to the SiC surface of the ignitor and not
formed by the conversion of the SiC to S10,. By leaving the
underlying SiC matenal of the 1ignitor unaftected there 1s no
alteration of its electrical properties. This enables the elec-
trical properties of the SiC ignitor to be defined during
manufacturing using standard processes and maintained for
a longer period of time during operation. In contrast, S10,
layers that form when the S1C material of the ignitor 1s
exposed to oxygen at elevated temperatures, not only result
in a reduced thickness of the S1C material, but also alters the
chemical and electrical properties of the S1C material of the
ignitor. In these instances, the source of the silicon 1n the
S10, layer 1s from the silicon in the S1C material of the
ignitor. Thus, the S10, layer, formed by exposing the Si1C
material to oxygen, 1s formed at the detriment of the SiC
material. The S10, coating of the present invention also
provides benefits over the S10, coating that 1s formed by
oxidizing fine S1C particulates that are introduced into the
pores the crystalline S1C material during the manufacture of
the 1gnitor. When the S1C particles are oxidized, the resulting
coating 1s not a continuous, uniform coating of S10,. Rather,
portions the Si1C material of the ignitor remain exposed
and/or vulnerable to oxidation.

The present invention does not require the silicon from
the S1C to form the S10, layer. Instead the Si10, layer i1s
added over at least a portion of the SiC material. Thus, 1n
some embodiments, the thickness of the S1C layer 1s not
reduced due to the addition of the S10, layer. Furthermore,
in some embodiments, the SiC layer 1s not chemically
changed due to the addition of the S10, layer. Advanta-
geously, the S10, layer of the present invention 1s more
continuous 1n its coverage over the S1C material, thereby
providing the S1C matenal more protection from oxidation.
Further, fewer fines of S1C are required or lett on the surface
of the S1C matenal, thereby reducing the active S1C surface
area. Finally, embodiments of the present imnvention of an
1ignitor which include the S10,, layer on the S1C material can
provide, prior to operation, electrical properties (e.g., resis-
tance at room temperature or operational temperatures) that
are within 20% of the electrical properties of 1gnitors that do
not mnclude a S10, layer on the S1C matenal (e.g., a SiC
ignitor or a S1C 1gnitor with S10, grown via oxidation of the

S1C material).
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An aspect of the invention 1s a method to apply a silicon
dioxide coating to a S1C 1gnitor, comprising:

coating at least a portion of a SiC material of the SiC

ignitor with a silicon dioxide material to produce a S1C
ignitor coated with a first layer of the silicon dioxide
material; and

drying the first layer of the silicon dioxide material to

form a silicon dioxide layer.

An aspect of the invention 1s an 1gnitor comprising:

a silicon dioxide coating adhered to at least a portion of

a S1C material of a S1C 1gnitor, wherein a thickness of
the silicon dioxide coating 1s between about 0.1 um and
about 5 um and wherein the silicon dioxide covers
between about 25% and about 100% of a surface area
of the S1C material of the S1C 1gnitor.

An aspect of the invention 1s a kit comprising:

a S1C 1gnitor comprising:

a S1C material; and

at least one layer of a silicon dioxide material, wherein a

thickness of the silicon dioxide maternial 1s between
about 0.1 um and about 5 um and wherein the silicon
dioxide covers between about 25% and about 100% of
a surface area of the S1C material of the S1C 1gnitor.

An aspect of the mvention 1s a method of using an 1gnitor,
comprising:

providing a S1C 1gnitor comprising:

a S1C material; and

at least one layer of a silicon dioxide matenal,
wherein a thickness of the silicon dioxide material 1s

between about 0.1 um and about 5 um and wherein the

s1licon dioxide material covers between about 25% and

about 100% of a surface area of the S1C material of the

S1C 1gnitor; and

applying a voltage suflicient to maintain a temperature of

at least 1000° C. on a surface of the S1C 1gnitor.

As used herein, “at least one,” “one or more,” and
“and/or” are open-ended expressions that are both conjunc-
tive and disjunctive 1n operation. For example, each of the
expressions “at least one of A, B, and C,” and “A, B, and/or
C” means A alone; B alone; C alone; A and B together; A and
C together; B and C together; or A, B, and C together.

Various embodiments of the present inventions are set
torth 1n the attached figures and 1n the Detailed Description
as provided herein and as embodied by the claims. It should
be understood, however, that this Summary does not contain
all of the aspects and embodiments of the one or more
present inventions, 1s not meant to be limiting or restrictive
in any manner, and that the invention(s) as disclosed herein
1s/are understood by those of ordinary skill in the art to
encompass obvious 1mprovements and modifications
thereto.

Additional advantages of the present nvention will
become readily apparent from the following discussion,
particularly when taken together with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates a process chart of an embodiment of the
present mvention;

FIG. 2 1llustrates experimental test data comparing 1gnit-
ors coated with a silicon dioxide layer of the present
invention (SP-30 and R-25 coatings), with an uncoated
sample or a sample utilizing a second recrystallized layer of
S1C (1.e., an ARC coating);

FIG. 3 illustrates a scanning electron microscope (SEM)
image ol an 1gnitor with two layers of an SP-30 coating; and
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FIG. 4 illustrates experimental test data for an 1gnitor
coated with a second recrystallized layer of S1C (1.e., an
ARC coating) and an ignitor coated with an ARC coating
and further coated with two layers of an SP-30 coating.

DETAILED DESCRIPTION

An aspect of the mmvention 1s a method to coat a Si1C
ignitor with a silicon dioxide coating. The S1C 1gnitor can be
formed by any method known in the art. One method of
forming the S1C 1gnitor, described 1 U.S. Pat. Nos. 3,875,

477 and 6,297,183, both of which are incorporated by
reference 1n their entirety, mmvolves forming an 1gnitor
shaped green body comprising fine and coarse S1C particles
and firing the green body. During the firing step, the reactive
fine S1C particles vaporize and redeposit on the coarse Si1C
particles thereby forming a layer of crystallized S1C particles
that coat and connect the coarse S1C particles. The extent of
crystallization of the sintered body can vary. If the fired body
1s not fully recrystallized, some of the unreactive fine Si1C
particles remain 1n the mner pores of the body. In embodi-
ments, 1t 1s desirable for the sintered body to be fully
crystallized, such that less than 5%, preferably less than 1%,
or more preferably essentially none, the fine S1C particles
can be detected by 1image analysis.

The method of coating the S1C 1gnitor includes applying
a silicon dioxide material to at least a portion of the Si1C
ignitor and drying the silicon dioxide material. In some
embodiments, the method of coating the S1C 1gnitor pro-
vides a S10, layer that 1s substantially continuous and/or
substantially free of one or more of perforations, voids,
cavities, cracks, and other defects that would expose the
underlying S1C material. In some embodiments, the method
of coating the S1C i1gnitor provides a S10, layer that 1s
substantially uniform. In some embodiments, the S10, layer
has a thickness that varies between about 0% to about 20%,
in some embodiment the thickness varies by no more than
20%, by no more than 18%, by no more than 16%, by no
more than 14%, by no more than 12%, by no more than 10%,
by no more than 8%, by no more than 6%, by no more than
4%, by no more than 2%, or by about 0%, or by a range
within any of two values set forth herein. In other embodi-
ments, the thickness of the S10,, layer, need not be consistent
over the entire S1C material as the thickness of the S10,, can
depend on the outer surface of the underlying SiC layer.
Thus, one skilled in the art should understand that the
thickness as discussed herein can be a nominal thickness, or
an average thickness of the S10, coating, and that the S10,
coating need not be umiform to have a positive impact on the
S1C aging process. The thickness of the S10,, coating can be
between about 0.1 um and about 5 um, in some embodi-
ments about 0.1 um, about 0.2 um, about 0.3 um, about 0.4
wm, about 0.5 um, about 0.6 um, about 0.7 um, about 0.8 um,
about 0.9 um, about 1.0 um, about 1.2 um, about 1.4 um,
about 1.6 um, about 1.8 um, about 2 um, about 2.2 um, about
2.4 um, about 2.6 um, about 2.8 um, about 3.0 um, about 3.2
um, about 3.4 um, about 3.6 um, about 3.8 um, about 4 um,
about 4.2 um, about 4.4 um, about 4.6 um, about 4.8 um, or
about 5 um, or at a range within any of two values set forth
herein. In these embodiments, the S10,, coating 1s not formed

from the oxidation of SiC, but rather S10, 1s directly coated
onto the S1C material. In some embodiments, the thickness
of the S1C 1s not reduced 1n thickness when the S1C 1s coated
with silicon dioxide. In some embodiments, the Si1C 1s not
chemically altered or changed by the addition of the silicon
dioxide coating.
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In some embodiments, at least one electrical property of
the S1C 1gnitor coated with a silicon dioxide coating can be
equal to or within 20% of the corresponding electrical
property of a sample that 1s not coated with the silicon
dioxide, prior to operation. In some embodiments, the at 5
least one electrical property of a S1C 1gnitor coated with a
s1licon dioxide coating can be within about 0.5%, about 1%,

about 1.5%, about 2%, about 2.5%, about 3%, about 3.5%,
about 4%, about 4.5%, about 5%, about 10%, about 15%, or
about 20%, or at a range within any of two values set forth 10
herein, of the corresponding electrical property of a sample
that 1s not coated with the silicon dioxide, prior to operation.
The electrical property can be the resistance of the sample,
which, 1n some embodiments, can measured at room tem-
perature or at operating temperature(s). 15

In some embodiments, the silicon dioxide coating may
comprise one or more layers of silicon dioxide. In some
embodiments, at least one additional layer of the silicon
dioxide material can be applied to a previously applied
silicon dioxide layer. The total thickness of all of the layers 20
of the silicon dioxide applied to the S1C can be between
about 0.1 um and about 5 um. In some embodiments, silicon
dioxide can have a thickness of about 0.1 um, about 0.2 um,
about 0.3 um, about 0.4 um, about 0.5 um, about 0.6 um,
about 0.7 um, about 0.8 um, about 0.9 um, about 1 um, about 25
1.1 um, about 1.2 um, about 1.3 um, about 1.4 um, about 1.5
wm, about 1.6 um, about 1.7 um, about 1.8 um, about 1.9 um,
about 2 um, about 2.1 um, about 2.2 um, about 2.3 um, about
2.4 um, about 2.5 um, about 2.6 um, about 2.7 um, about 2.8
wm, about 2.9 um, about 3.0 um, about 3.1 um, about 3.2 um, 30
about 3.3 um, about 3.4 um, about 3.5 um, about 3.6 um,
about 3.7 um, about 3.8 um, about 3.9 um, about 4 um, about
4.1 um, about 4.2 um, about 4.3 um, about 4.4 um, about 4.5
wm, about 4.6 um, about 4.7 um, about 4.8 um, about 4.9 um,
or about 5.0 um, or at a range within any of two values set 35
forth herein. When included, up to about 3 additional layers
can be applied to the mtially applied layer of silicon
dioxide, to result 1n a total thickness of between about 0.1
um and about 5 um.

The silicon dioxide can be applied to between about 25% 40
and about 100% of the surface area of the S1C material of the
1gnitor, preferably between about 50% and about 100% of
the surface area of the S1C material of the 1gnitor. In some

embodiments, silicon dioxide can be applied to about 25%,
about 30%, about 40%, about 45%, about 50%, about 55%, 45

about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%, about 90%, about 95%, or about 100%, or at a
range within any of two values set forth herein, of the
surface area of the S1C material of the 1gnitor. The silicon
dioxide can adhere to the S1C of the ignitor. In some 50
embodiments, the S1C can be untreated prior to application
of the silicon dioxide, while 1in other embodiments, the SiC
can be pretreated. The pretreatment can be cleaning the S1C
or increasing the surface area of at least a portion of the Si1C,
which can be performed by abrading the S1C. A combination 55
of pretreatments can be used. In some embodiments, the S1C
can be coated with one or more additional coatings other
than the silicon dioxide coating. The additional coating may
be disposed between the S1C material and the one or more
silicon dioxide layers. In some embodiments, the S1C can be 60
coated with a second recrystallized layer of S1C (referred to
as an ARC coating), such as that described 1n U.S. Pat. No.
6,297,183, and then further coated with one or more silicon
dioxide layers. In other embodiments, the S1C 1s not coated
with an additional coating. 65
While a precursor can be used to form the silicon dioxide,
the precursor 1s not the S1C of the 1gnitor. Nor 1s the surface
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of the S1C oxidized to form the silicon dioxide. Rather, the
s1licon dioxide can be applied to the SiC 1gnitor by dipping,
painting, spraying, capillary infiltration, or a combination of
these application methods. The application temperature of
the silicon dioxide can be between about 15° C. and about
70° C., and 1n some embodiments ambient room temperature
(15-30° C.). In some embodiments, the application tempera-

ture can be about 15° C., about 20° C., about 25° C., about
30° C., about 35° C., about 40° C., about 45° C., about 50°
C., about 55° C., about 60° C., about 65° C., or about 70° C.,
or at a range within any of two values set forth herein. When
the silicon dioxide 1s applied by dipping, the S1C 1gnitor can
be dipped 1nto the silicon dioxide material for between about
10 seconds and about 5 minutes. In some embodiments, the
S1C 1gnitor can be dipped into the silicon dioxide material
for about 10 seconds, 15 seconds, 20 seconds, 25 seconds,
30 seconds, 35 seconds, 40 seconds, 45 seconds, 50 seconds,
55 seconds, 1 minute, 1.5 minutes, 2 minutes, 2.5 minutes,
3 minutes, 3.5 minutes, 4 minutes, 4.5 minutes, or 5 minutes,
or at a range within any of two values set forth herein. If
volds are present in the silicon dioxide coating, then the
silicon dioxide can be applied specifically to the voided
areas to provide additional coverage to the S1C 1gnitor.
Furthermore, the S1C 1gnitor can be dipped over additional
cycles to develop a thicker layer of the silicon dioxide. Thus,
a dipping cycle can be repeated to result 1n a final silicon
dioxide coating thickness of between 0.1 um and 5 um. FIG.
1 1llustrates an embodiment of the method of the imnvention
utilizing a precursor to form the silicon dioxide layer.

The silicon dioxide can be provided as a sol, a gel, a
solution comprising silicon dioxide, a silicon containing
organometallic, prehydrolized ethyl silicate (R-25) (supplied
by REMET Corp.), REMASOL® PD-10 (SP-30) (supp'ied
by REMET Corp., an aqueous colloidal dispersion of silica
particles that are non-crystallin, high specific surface area
and are negatively charged particles which have been sta-
bilized with sodium hydroxide), or a combination thereof.
Solvents suitable for use 1n the solution include, but are not
limited to, water, alcohol (for example, ethanol, 1sopropanol,
or methanol), and other solvents which can be determined
based on compatibility with the silicon dioxide matenal and
combinations thereof. In some embodiments, the silicon
dioxide can first be provided as a precursor to form the
silicon dioxide, which 1s then used with the invention.
Suitable precursors include tetracthyl orthosilicate or other
alkoxides of silicon. These precursors can then be converted
to silicon oxide using methods known in the art (e.g.,
addition of water, or oxidation of the precursor). Advanta-
geously, 1n some embodiments, since the S10, can be a
liguid, gel or sol during application, the resulting S10,
coating 1s more continuous aiter evaporation compared to
infiltrating S1C pores with S1C particles.

After the silicon dioxide matenial (e.g., sol or precursor
solution, etc.) 1s applied to the SiC, 1t 1s dried. The drying
temperature can be between about 15° C. and about 200° C.
In some embodiments, the application temperature can be
about 15° C., about 20° C., about 25° C., about 30° C., about
35° C., about 40° C., about 45° C., about 50° C., about 55°
C., about 60° C., about 65° C., or about 70° C., about 75° C.,
about 80° C., about 85° C. about 90° C. about 95° C., about
100° C., about 105° C., about 110° C., a:)out 115° C., about
120° C.,J about 125° C., about 130° C., about 135° C.,J about
140° C., about 145° C., about 150° C., about 155° C., about
160° C., about 165° C., about 170° C., about 175° C., about
180° C., about 185° C., about 190° C about 195":' C., or
about 200° C., or at a range within any of two Values set
forth herein, for between about 10 minutes and about 24
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hours, 1n some embodiments about 10 minutes, about 30
minutes, about 45 minutes, about 1 hour, about 1.5 hours,
about 2 hours, about 2.5 hours, about 3 hours, about 3.5
hours, about 4 hours, about 4.5 hours, about 6 hours, about
6.5 hours, about 7 hours, about 8 hours, about 9 hours, about
10 hours, about 11 hours, about 12 hours, about 13 hours,
about 14 hours, about 15 hours, about 16 hours, about 17
hours, about 18 hours, about 19 hours, about 20 hours, about
21 hours, about 22 hours, about 23 hours, or about 24 hours,
or at a range within any of two values set forth herein.
Following the initial drying step, the coated ignitors can be
heated to an elevated temperature between about 500° C.
and about 1,400° C., in some embodiments about 1,000° C.
The elevated temperature can be about 500° C., about 550°
C., about 600° C., about 650° C., about 700° C., about 750°
C., about 800° C., about 850° C., about 900° C., about 950°
C., about 1,000° C., about 1,050° C., about 1,100° C., about
1,150° C., about 1,200° C., about 1,250° C., about 1,300° C.,
about 1,350° C., or about 1,400° C., or at a range within any
of two values set forth herein. The parts can be subjected to
the elevated temperature for at least 15 seconds, 1n some
embodiments between about 15 seconds and about 2 hours,
in some embodiments about 30 minutes. The time period can
be about 15 seconds, about 20 seconds, about 25 seconds,
about 30 seconds, about 35 seconds, about 40 seconds, about
45 seconds, about 50 seconds, about 55 seconds, about 1
minute, about 30 minutes, about 1 hours, about 1.5 hours, or
about 2 hours, or at a range within any of two values set forth
herein. In some embodiments, the 1gnitor can be tested
betfore 1t 1s sold. The testing includes subjecting the 1gnitor
to an elevated temperature between about 1,000° C. and
about 1,500° C., for between about 15 seconds and about 30
seconds. In some embodiments, the testing temperature can
be about 1,000° C., about 1,050° C., about 1,100° C., about
1,150° C., about 1,200° C., about 1,250° C., about 1,300° C.,
about 1,350° C., about 1,400° C., about 1,450° C., or about
1,500° C. In some embodiments, the time period at the
clevated temperature can be about 15 seconds, about 20
seconds, about 25 seconds, or about 30 seconds, or at a range
within any of the two values set forth herein. In some
embodiments, this testing condition can be used as the
drying or thermal processing step of the present invention.

An aspect of the mnvention 1s a S1C 1gnmitor. The 1gnitor
includes a silicon dioxide coating on at least a portion of a
S1C material of an i1gnitor. The thickness of the silicon
dioxide coating 1s between about 0.1 um and about 5 um. In
some embodiments, silicon dioxide can have a thickness of
about 0.1 um, about 0.2 um, about 0.3 um, about 0.4 um,
about 0.5 um, about 0.6 um, about 0.7 um, about 0.8 um,
about 0.9 um, about 1 um, about 1.1 um, about 1.2 um, about
1.3 um, about 1.4 um, about 1.5 um, about 1.6 um, about 1.7
wm, about 1.8 um, about 1.9 um, about 2 um, about 2.1 um,
pout 2.2 um, about 2.3 um, about 2.4 um, about 2.5 um,
pout 2.6 um, about 2.7 um, about 2.8 um, about 2.9 um,
pout 3.0 um, about 3.1 um, about 3.2 um, about 3.3 um,
bout 3.4 um, about 3.5 um, about 3.6 um, about 3.7 um,
about 3.8 um, about 3.9 um, about 4 um, about 4.1 um, about
4.2 um, about 4.3 um, about 4.4 um, about 4.5 um, about 4.6
um, about 4.7 um, about 4.8 um, about 4.9 um, or about 3.0
wm, or at a range within any of two values set forth herein.
In some embodiments, the Sift layer that i1s provided on at
least a portion of the S1C 1gnitor 1s substantially continuous
and/or substantially free of one or more of perforations,
voids, cavities, cracks, and other defects that would expose
the underlying S1C material. In some embodiments, the S10,
layer that 1s provided on at least a portion of the S1C 1gnitor
1s substantially umiform. In some embodiments, the S10,
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layer has a thickness that varies by about 0% to about 20%,
in some embodiment the thickness varies by no more than
20%, by no more than 18%, by no more than 16%, by no
more than 14%, by no more than 12%, by no more than 10%,
by no more than 8%, by no more than 6%, by no more than
4%, by no more than 2%, or by about 0%, or by a range
within any of two values set forth herein.

The 1gnitors of the present invention, that are coated with
silicon dioxide, can increase the life (i.e., the operational
duration) of the 1gnitor by between about 2% and 100%, 1n

some embodiments the life of the ignitor 1s increased by
about 2%, about 10%, about 20%, about 30%, about 40%.,

about 50%, about 60%, about 70%, about 80%, about 90%,
or about 100%, or at a range within any of two values set
forth herein, when compared to an 1gnitor that 1s not coated
with the silicon dioxide coating of the present invention. In
some embodiments, the 1gmitor can be used for between
about 6,000 uses and about 13,000 uses before failure, in
some embodiments at least about 6,000 uses, at least about
6,500 uses, at least about 7,000 uses, at least about 7,500
uses, at least about 8,000 uses, at least about 8,500 uses, at
least about 9,000 uses, at least about 9,500 uses, at least
about 10,000 uses, at least about 10,500 uses, at least about
11,000 uses, at least about 11,500 uses, at least about 12,000
uses, at least about 12,500 uses, or at least about 13,000 uses,
or at a range within any of two values set forth herein, belfore
failure.

Notably, the silicon dioxide of the present invention 1s not
a sacrificial layer, meanming that 1t 1s not removed prior to use.
Furthermore, the silicon dioxide can penetrate between
about 25% and about 100% of the pores of the S1C. The
silicon dioxide can be provided to at least about 25% of a
surface area of the Si1C. In some embodiments, the silicon
dioxide can be provided to between about 25% and about
100% of the surface area of the SiC. In some embodiments,
the silicon dioxide can be provided to about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about
80%, about 85%, about 90%, about 95%., about 99%, or
about 100%, or at a range within any of two values set forth
herein, of the surface area of the SiC.

The silicon dioxide can include impurities. The silicon
dioxide can 1nclude between about O wt. % and about 2 wt.
% of impurities, which can be NaOH or other additives that
promote solution stability. In some embodiments, the weight
percentage ol the impurities 1 the silicon dioxide can be
about 0 wt. %, about 0.25 wt. %, about 0.5 wt. %, about 0.75
wt. %, about 1 wt. %, about 1.25 wt. %, about 1.5 wt. %,
about 1.75 wt. %, or about 2 wt. %, or at a range within any
of two values set forth herein. The balance of the silicon
dioxide can comprise silicon dioxide 1n the form of S10,,. In
some embodiments, the silicon dioxide can first be provided
as a precursor to form the silicon dioxide, which 1s then used
to form the coating of the invention. Suitable precursors
include ethyl silicate, prehydrolized ethyl silicate, tetracthyl
orthosilicate, or other alkoxide of silicon. Suitable precur-
sors do not include S1C. In some embodiments, the compo-
sition of the silicon dioxide coating can comprise between
about 5 wt. % and about 50 wt. % of the silicon dioxide
precursor. In some embodiments, the composition of silicon
dioxide coating can comprise about 5 wt. %, about 10 wt. %,
about 15 wt. %, about 20 wt. %, about 25 wt. %, about 30
wt. %, about 35 wt. %, about 40 wt. %, about 45 wt. %, or
about 50 wt. %, or at a range within any of two values set
forth herein, of the silicon dioxide precursor.

An aspect of the invention 1s a kit, which includes a S1C
ignitor of the present mvention described herein. The Si1C
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ignitor mcludes a S1C material, and at least one layer of a
s1licon dioxide material. The thickness of the silicon dioxide
material 1s between about 0.1 um and about 5 um and the
silicon dioxide covers between about 25% and about 100%
ol a surface area of the S1C material of the S1C 1gnitor.
Another aspect of the invention 1s a method of using a S1C
ignitor of the present imvention described herein. The
method includes providing a S1C 1gnitor that includes a SiC
material and at least one layer of a silicon dioxide material,
wherein the thickness of the silicon dioxide material 1s
between about 0.1 um and about 5 um and the silicon
dioxide covers between about 25% and about 100% of a
surface area of the S1C material of the SiC 1gnitor; and
applying a voltage suflicient to achieve or maintain a tem-
perature on a surface of the S1C 1gnitor to 1gnite a gas (in
some embodiments, greater than or equal to about 1000° C.).
As will be understood by one skilled 1n the art, the S10,
coating disclosed herein, does not prevent the oxidation of
the underlying S1C matenal, rather the S10, coating sub-
stantially slows the rate of oxidation of the underlying S1C
matenal, thereby also slowing the rate of change (i.e.,
increase) in the resistance of the ignitor. In some embodi-
ments, a S1C 1gnitor that 1s coated with the silicon dioxide
coating of the present invention, can be used for a duration
that 1s between about 2% and about 100% longer than a
duration of an i1gnitor that 1s not coated with the silicon
dioxide coating of the present mvention, in some embodi-

ments for a duration that 1s about 2%, about 10%, about
20%., about 30%, about 40%, about 50%, about 60%, about

70%, about 80%, about 90%, or about 100%, or at a range
within any of two values set forth herein, longer when
compared to a duration of an 1gnitor that 1s not coated with
the silicon dioxide coating of the present invention.

EXAMPLES

Example 1

Three S1C 1gnitors were provided and tested to determine
the effect of the silicon dioxide coating on the life of the
ignitor. One 1gnitor was not coated, the second was coated
with SP-30, and the third was coated with tetraethyl ortho-
silicate (R-25). Both silicon dioxide coatings were supplied
by REMET Corp, Utica. N.Y. The silicon dioxides were both
in liquid form and applied using a dipping method, where
the 1gnitors were dipped into their respective silicon dioxide
liquids for between about 10 seconds and about 60 seconds.
Thereatter, the coated samples were dried at 95° C. for 1
hour then fired to 1,000° C. 1n air for a period of about 30
minutes. These three samples were life tested. Life testing of
the 1gnitors was performed by powering the 1gnitor “on” for
five and a half minutes and then switching them “ofl”” for one
minute. During the first thirty seconds of the on-cycle, no
gas flame was present; during the remaining five minutes of
the on-cycle, a natural gas flame was present on the hot zone
surface of the ignitor. The test data showed the untreated
ignitors aged the fastest, then R-25 coated ignitors, and
finally the SP30 coated 1gnitors.

Example 2

A set of confirmation samples were made using a second
lot of SP-30 matenial. These samples were also testing for
aging (1.¢., life tested) and were found to be about 50% better
compared to the standard uncoated samples. FIG. 2 1llus-
trates aging tests for samples coated with SP-30 (silicon
dioxide), R-25 (silicon dioxide), a traditional ARC coating,
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or an uncoated sample. Both the R-25 and the S-30 samples
provide longer use compared to the uncoated sample, but the
S-30 coated sample showed an about 33% increase 1n the
number of cycles over the ARC sample, and almost a 50%
increase 1 the number of cycles when compared to the
uncoated sample.

Example 3

SEM examination of an 1gnitor with a 2x (1.e., two layers)
SP-30 coating showed that coating had a nominal thickness
on the order o1 0.5 to 1 um (see FIG. 3). The majonity of the
surface of the S1C appears to have this coating adhered to the
surface. By extension the 1x (1.e., one layer) coating would
have a thickness i the 0.25 to 0.5 um range.

Example 4

A set of traditional ARC coated S1C 1gnitors were pre-
pared, and a portion of these 1gnitors were further coated
with a 2x coating of the SP-30 using a drip-dry method. FIG.
4 1llustrates the aging results of the two sets of samples, the
ARC coated and the ARC-510, coated. The ARC-S10,
coated samples aged significantly slower, having approxi-
mately a 50% increase 1n the number of use cycles when
compared to the uncoated sample.

Ranges have been discussed and used within the forgoing
description. One skilled 1n the art would understand that any
sub-range within the stated range would be suitable, as
would be any number within the broad range, without
deviating ifrom the invention.

The foregoing description of the present invention, related
to silicon dioxide coatings on a S1C material of an 1gnitor,
has been presented for purposes of illustration and descrip-
tion. The description 1s not intended to limit the invention to
the form disclosed herein. Consequently, variations and
modifications commensurate with the above teachings, and
the skill or knowledge of the relevant art, are within the
scope of the present invention. The embodiment described
hereinabove 1s further intended to explain the best mode
known for practicing the invention and to enable others
skilled 1n the art to utilize the invention in such, or other,
embodiments and with various modifications required by the
particular applications or uses of the present invention. It 1s
intended that the appended claims be construed to include
alternative embodiments to the extent permitted by the prior
art.

What 1s claimed 1s:

1. A method to apply a silicon dioxide coating to a silicon
carbide 1gnitor, comprising:

coating at least a portion of a silicon carbide material of

the silicon carbide 1gnitor with a silicon dioxide mate-
rial to produce a silicon carbide 1gnitor coated with a
first layer of the silicon dioxide, wherein the silicon
dioxide material 1s not produced by oxidizing the
silicon carbide material of the silicon carbide ignitor;
and

drying the first layer of the silicon dioxide material to

form a silicon dioxide layer.

2. The method of claim 1, further comprising applying at
least one additional coating of silicon dioxide material to the
first layer of the silicon dioxide of the silicon carbide 1gnitor
to produce a silicon carbide 1gnitor comprising at least two
layers of silicon dioxide material, wherein a total thickness
of the at least two layers of the silicon dioxide material 1s
between about 0.1 um and about 5 um.
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3. The method of claim 1, wherein the coating comprises
dipping the silicon carbide ignitor in a solution comprising
the silicon dioxide material for between about 10 seconds
and about 60 seconds.

4. The method of claim 1, further comprising applying the
silicon dioxide maternial to at least one void 1n the silicon
dioxide layer.

5. The method of claim 1, wherein the silicon dioxide
layer 1s adhered to the silicon carbide material of the silicon
carbide ignitor.

6. The method of claim 1, wherein the at least a portion
of the silicon dioxide layer covers between about 25% and
about 100% of a surface area of the silicon carbide material
of the silicon carbide 1gnitor.

7. The method of claim 1, wherein the drying occurs at a
temperature between about 50° C. and about 130° C. for
between about 5 and about 60 minutes.

8. The method of claim 1, wherein the drying does not
occur 1n a nitrogen environment.

9. The method of claim 1, wherein the drying does not
occur 1n an oxygen rich environment, wherein a concentra-
tion of the oxygen 1s greater than the oxygen concentration
n air.

10. The method of claim 1, wherein the silicon carbide
material comprises a second recrystallized SiC coating.

11. The method of claim 1, wherein the silicon dioxide
material comprises at least one of a silicon dioxide sol, a
solution comprising a solvent and the silicon dioxide mate-
rial, or a solution comprising a silicon dioxide precursor.

12. An 1gnitor, comprising;

a silicon dioxide coating applied to at least a portion of a

silicon carbide material of a silicon carbide containing
ignitor, wherein a thickness of the silicon dioxide
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coating 1s between about 0.1 um and about 5 um, and
wherein the silicon dioxide coating 1s not formed from
the silicon carbide material.

13. The 1gnitor of claim 12, wherein the silicon dioxide
coating 1s not a sacrificial layer.

14. The i1gnitor of claim 12, wherein the 1gnitor further
comprises a second recrystallized S1C coating.

15. The 1gnitor of claim 12, wherein silicon dioxide
coating 1s substantially continuous and the thickness of the
silicon dioxide coating varies by no more than about 20%.

16. The 1gnitor of claim 12, wherein the 1gnitor consists
of the silicon carbide coated with the silicon dioxide.

17. The 1gnitor of claim 12, wherein a lifetime of the
ignitor 1s at least about 10% longer than a lifetime of an
ignitor that 1s not coated with the silicon dioxide coating.

18. The 1gnitor of claim 12, wherein the silicon dioxide
coating covers between about 25% and about 100% of the
silicon carbide material.

19. The 1gnitor of claim 12, wherein the silicon carbide
maternal 1s substantially free of fine S1C particles.

20. A kit, comprising;:

a silicon carbide ignitor comprising:

a silicon carbide material; and
at least one layer of a silicon dioxide material,
wherein a thickness of the silicon dioxide matenial 1s
between about 0.1 and about 5 um,
wherein the silicon dioxide covers between about 25%
and about 100% of a surface area of the silicon
carbide maternial of the silicon carbide 1gnitor,

and wherein the silicon dioxide coating 1s not formed

from the silicon carbide matenal.
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